The study of π-conjugated oligomers and polymers has attracted considerable attention since these materials hold promise for applications in the emerging area of molecular electronics and nanotechnology. 1 Of these, poly-p-phenylenes (PPP) are especially important due to their optoelectronic properties, 2 high conductivity when doped with either n-or p-type dopants, 3 potential usage as active constituents of blue light emitting diodes, 4 and high thermal and oxidative stability. 5 Unfortunately, their lack of processability, especially when they are unsubstituted, has hampered their study as well as exploitation of their extensive potential for practical applications. 6 Several studies have been conducted where PPP oligomers have been utilized as spacers or bridges in molecular assemblies consisting of electron donor−bridge−electron acceptor (D−B−A) to explore their potential as functional molecular wires for long-range electron transport. 7 The mechanism of charge transport (CT) in these assemblies is proposed to occur by a combination of highly distance-dependent coherent (i.e., superexchange) and weakly distance-dependent noncoherent (i.e., hopping) mechanisms. 7 In order to gain a better understanding of various CT mechanisms operating in these PPP-based molecular wires, a quantitative understanding as to how the charge is stabilized by multiple aryl moieties that constitute the spacer is highly desirable. Therefore, attempts to isolate an oxidized polyphenyl cation radical to gain X-ray crystallographic evidence as to how the creation of a hole leads to structural changes in various PPPs are pertinent. We have recently undertaken studies to this effect, and herein we report the isolation of both the neutral as well as the cation radical salt of a quaterphenyl derivative (QP) having tert-butyl solubilizing groups at the terminal positions, enabling us to unequivocally establish from the crystallographic parameters that a single charge is delocalized by a quinoidal distortion of the phenylene rings. It is also noted that the tert-butyl substitutions at terminal positions in larger PPP oligomers merely aid in improving their solubility without affecting the electronic properties to any significant extent as the HOMO resides largely on the central phenylene rings. 8 The details of these preliminary finding are discussed herein. Next, the quaterphenyl derivative was subjected to electrochemical oxidation at a platinum electrode as a 2 × 10 -3 M solution in dichloromethane containing 0.2 M n-Bu4NPF6 as the supporting electrolyte.
The cyclic voltammograms ( Figure 1A ) consistently met the reversibility criteria at various scan rates of 25−400 mV/s, as they all showed cathodic/anodic peak current ratios of ia/ic = 1.0 (theoretical) as well as the differences between anodic and cathodic peak potentials of Epa − Epc ∼ 70 mV at 22 °C. The reversible oxidation potential was calibrated with ferrocene as internal standard (Eox = 0.45 V vs SCE) and was found to be 1.47 V versus SCE corresponding to the formation of a monocation. These salient features of the QP cation radical can only be rationalized, when one considers that the single charge is stabilized by a quinoidal valence bond resonance structure. Such a resonance form having a quinoidal structure leads to unequal bond distortions in the aryl rings as well as planarization of the aryl rings for effective π-conjugation with the magnitude of changes being the highest in the central rings. It is worthwhile to note that a previously reported ab initio SCF-LCAO-MO calculation of a lithium-doped quaterphenyl anion radical showed a similar quinoidal distortion as observed herein for the QP +• . 14 In summary, the isolation and X-ray crystal structure determination of QP +• SbCl6 -provides unequivocal evidence for the quinoidal stabilization of the cationic charge or polaron, which is responsible for the high conductivities in PPP oligomers in their doped state. The defect state induces regions of quinoidal conformation and thus serves as a physical model for the insulator−metal transition in PPP. 3 Studies are underway for a more comprehensive investigation of the optoelectronic properties of PPP oligomers and will be reported in due course.
